18 °C overnight for 20 hours. The cells were then lysed with a microfluidizer at 15,000 psi, 48 clarified by centrifugation, and purified by batch binding with Ni-NTA beads (Qiagen). After 49 collection and elution from Biorad polyprep columns, the RIG-I constructs were concentrated on 50 a HiTrap Heparin HP column (GE Healthcare) and gel filtered over a HiPrep 16/60 Superdex 51 200 column (GE Healthcare) in buffer containing 25 mM Hepes, pH 7.4, 150 mM NaCl, 5 % 52 glycerol, 5 mM β-ME. RIG-I preparations were concentrated to between 5-10 mg/mL with a 53 50k MW cutoff Amicon centrifugal concentrator (Millipore), and concentrations were 54 determined spectrophotometrically, using the extinction coefficients of ε = 99,700 M -1 cm -1 for 55 full length RIG-I and an ε = 60,280 M -1 cm -1 for the RIG-I (ΔCARDs:1-229) N-terminal deletion 56 construct. The extinction coefficients were calculated theoretically from the RIG-I sequence and 57 guanidinium chloride denaturation of protein preparations. The RIG-I preparations were flash 58 frozen with liquid nitrogen and stored at -80 °C. 59
RNA synthesis and transcription 60
The 2'O-methyl modification on the penultimate nucleotide of the template strand 61 prevents T7 terminal transferase activity as previously described (Kao et al, 1999) . Incorporation 62 of 2'-OMe modifications within the DNA template prevents addition of +1 and +2 nucleotides 63 by T7 RNA polymerase and results in transcription of RNA molecules with defined, uniform 3'-64 ends, which is obviously essential for studies of RIG-I binding and stimulation. All synthesized 65 and transcribed RNA constructs were purified on 20% denaturing polyacrylamide gels. LMW 66 polyI:C (Invivogen) was dissolved in buffer containing Hepes (pH 7.4), 150 mM NaCl, 5% 67 glycerol, 5 mM BME to a final concentration of 10 mg/ml. 500 µl of this solution was loaded on 68 an analytical 10.300 Superdex 200 Column (GE) and eluted at 0.25 ml/min while collecting 1 ml 69 fractions. Concentrations were determined spectrophotometrically. 70
All hairpin RNAs were purified by 8M urea PAGE. After gel extraction, the re-annealing 71 step was performed at low RNA concentrations by heating the RNA at 96°C for 2 mins and 72 rapidly cooling on ice. It is notable that these hairpins are stabilized by a terminal UUCG 73 tetraloop, which is known to promote exclusive hairpin formation by short duplexes, including 74 those as short as four base-pairs (Cheong et al, 1990; Nozinovic et al, 2010) . 75
Crystallization, Data Collection, Structure Determination, and Refinement 76
Briefly, the RIG-I (ΔCARDs:1-229) complex with 5'OH-GC10 duplex was preassembled 77 by incubating at a protein:RNA molar ratio of 1:1.5 on ice for 1 hour and then purified with a 78
HiPrep 16/60 Superdex 200 column (GE Healthcare). The crystals of the binary complex of 79 RIG-I (ΔCARDs:1-229):5'OH-GC10 were grown at 13 °C by mixing equal volumes of 80 precipitating solution (0.1 M Bicine, pH 9.0, 22.5 % polyethylene glycol 6,000) and RIG-I 81 (ΔCARDs:1-229) : 5'OH-GC10 complex (2-3 mg ml -1 ) using the sitting drop method. The 82 crystals grew into needle clusters within a week and were harvested within two weeks. The 83 crystals were soaked in a cryoprotecting solution containing 0.1 M Bicine, pH 9.0, 30 % 84 polyethylene glycol 6,000 for 12 hours before being flash frozen with liquid nitrogen. To grow 85 the crystals of the ternary complex of RIG-I (ΔCARDs:1-229):5'OH-GC10:ADP-Mg 2+ , the 86 binary complex of RIG-I (ΔCARDs:1-229):5'OH-GC10 was first incubated with 2.5 mM ADP 87 and 2.5 mM MgCl 2 at 2-3 mg ml -1 for half an hour to one hour on ice, mixed with equal volumes 88 of precipitating solution (0.1 M Bicine, pH 9.0, 26-28 % polyethylene glycol 6,000) and then grown at 13 °C. Crystals also grew into needle clusters within three days and were harvested 90 within two weeks. Crystals were soaked in a cryoprotecting solution containing 0.1 M Bicine, 91 pH 9.0, 30 % polyethylene glycol 6,000 briefly before being flash frozen with liquid nitrogen. 92
Diffraction intensities were recorded at NE-CAT beamline ID-24 at the Advanced Photon Source 93 (Argonne National Laboratory, Argonne, Illinois). Integration, scaling and merging of the 94 intensities were carried out by using the programs XDS (Kabsch, 2010) and SCALA (Evans, 95 2006) . HEL2i: aa 456-793, CTD: aa 794-925, and dsRNA). Refinement cycles were interspersed with 104 model rebuilding using Coot (Emsley & Cowtan, 2004) . The quality of the structures was 105 analyzed with PROCHECK (Laskowski et al, 1993) . A summary of the data collection and 106 structure refinement statistics is given in Supplementary Table 2 . During the crystallographic 107 studies, it was noticed that crystals with RIG-I:dsRNA captured in the conformation 1, the binary 108 complex of RIG-I and 5'OH-GC10, is always associated with the longest c axis (225.1 Å) of the 109 unit cells (conformation 2, 219.8 Å and conformation 3, 207.8 Å). Figures and movies were 110 prepared by using the program Pymol (DeLano, 2002) .
Full length RIG-I protein was mixed with 5'ppp10L, 5'ppp20L, 5'ppp30L and 113 5'pppGC22 RNAs at a ratio of 4.5 µM RIG-I : 1.5 µM RNA (or RIG-I alone) in 450 µl aliquots 114 in buffer containing 25 mM HEPES pH 7.4, 150 mM NaCl, 2 mM MgCl 2 , and 5 mM BME. The 115 SV experiments were run at 40,000 rpm in a Beckman Optima XL-I analytical ultracentrifuge. 116
Partial specific volumes for RIG-I and RIG-I:RNA complexes and buffer density and viscosity 117 parameters were calculated in SEDNTERP. Data analyses were performed in SEDFIT (Schuck, 118 2000; Schuck et al, 2002) . 119 
NADH coupled ATPase Experiments
(1) 134
[Mt] is the total protein concentration, [St] is the total [RNA], y 0 is the basal activity, amp is the 135 k cat (minus the basal activity), and K m is the apparent Michaelis constant for substrate activation. 136
The y 0 was constrained to the average basal activity from the entire set of 0 nM RNA, 5 mM 137 ATP wells. The initial velocities (v 0 ) at various ATP concentrations were plotted and fit to the 138 hyperbolic form of the above equation: 139
For the ATPase experiments in which the ATP concentration was varied, the RNA 141 concentration were held at 500 nM for the short RNA duplexes (Fig. 4, Supp. Fig. 2) , 500 ng/µL 142 for the poly I:C experiments (Supp. Fig. 1) , and 15 ng/µL for the poly I:C fractions (Fig. 3) . 143
Although 15 ng/µL was suboptimal for the longer polyIC fractions, it was the highest we could 144 manage for all of the fractions from a single gel filtration experiment. One row from a 96 well 145 plate constituted a single experiment with the following 12 ATP solutions in µM (final 146 concentrations listed) derived from a two-thirds dilution series: 0, 30.2, 50.4, 84.0, 140.0, 233.3, 147 388.8, 648, 1080, 1800, 3000, and 5000. 148 For the ATPase experiments in which the RNA concentration was varied, the ATP 149 concentration was held at 5 mM, approximately 10-fold above the K m,ATP measured for each 150 RNA fraction. One row from a 96-well plate constituted a single experiment with the following 151 12 RNA concentrations in nM (or ng/µl for poly I:C, final concentrations listed) from a two-fold 152 dilution series: 0, 0.5, 1.0, 2.0, 3. 9, 7.8, 15.6, 31.2, 62.5, 125, 250 , and 500 ( Fig. 4, Supp. Fig. 1,  153 Supp. Fig. 2) . For the gel filtered poly I:C fractions the following 12 RNA concentrations in 154 ng/µL (final concentrations listed) were used from a two-fold dilution series: 0, 0.01, 0.03, 0.06, 155 0.12, 0.23, 0.47, 0.94, 1.88, 3.75, 7.50, 15 (Fig. 3) . In order to calculate the nM amounts of each 156 poly I:C fraction for Figure 3D , the following estimates were made for the duplex lengths of 157 fractions A1-A7 respectively based on the semi-denaturing polyacrylamide gel and molecular 158 weight standards shown in Figure 6C : 500, 360, 180, 90, 60, 40, and 25 . The nM concentration 159 ranges used for the analysis of the gel filtered poly I:C fractions is shown in the Supplementary 160 Table 3 . transfection was allowed to proceed for 6-8 hours, and then 10 mL of fresh DMEM was added to 170 the plate. The cells were split twice into 15 cm dishes over the course of three days in 3 µg/µL 171 blasticidin, and then used for transfections in 96 well plates containing RNA hairpins or poly I:C 172 fractions. 173
The 293T cells, in DMEM without blasticidin, and transfected with pUNO-RIG-I, pRL-174 TK, and IFN-ß/Firefly luciferase reporter, were seeded at 15,000 cells per well, with each well 175 containing 5 µl of Lyovec (Invivogen), and the following final concentrations of 5'ppp RNA 176 hairpin in nM: 39.1, 78.1, 156.3, 312.5, 625 or the following final concentrations of poly I:C in 177 total ng per well: 15.6, 31.3, 62.5, 125, 250, 500. In each experiment, the RNA hairpin or poly 178 I:C was tested three times at each concentration (or total RNA amount). Luminescence 179 measurements were assayed between 16-24 hours after stimulation by the RNA.
For luciferase measurements, the Promega Dual Luciferase Reporter assay system was 181 used to quantitate the cellular levels of firefly and Renilla luciferase. Briefly, media was 182 aspirated from each 96 well plate and replaced with 60 µL of passive lysis buffer. After 15 183 minutes at room temperature, lysates were collected, clarified by centrifugation, and then 20 µl Supplementary Table 1 
5'ppp-GGACGUACGUCC-3' 5'pppGC22 5'ppp-GGCGCGCGCGCGCGCGCGCGCC-3' 5'ppp8L 5'ppp-GGCGCGGC UUCG GCCGCG CC-3' 5'ppp10L 5'ppp-GGACGUACGU UUCG ACGUACGUCC-3' 5'ppp20L 5'pppGGAUCGAUCGAUCGAUCGGCUUCGGCCGAUCGAUCG AUCGAUCC-3' 5'ppp30L 5'pppGGAUCGAUCGAUCGAUCGGCAUCGAUCGGCUUCGGC CGAUCGAUGCCGAUCGAUCGAUCGAUCC-3' polyIC 5'OH-I n :C n -3'(0.02-1 kilo base pairs) Supplementary Table 3 . Poly I:C ng/µl to nanomolar calculations. The estimates for the 217 length of each fraction of poly I:C as well as the approximate molecular weights (Fig. 3A) . The 218 ng/µl concentrations used in the poly I:C K m,RNA experiment were converted to nanomolar of 219 poly I:C strands based on the estimated length and molecular weights of each poly I:C strand. 220 221 
